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bourne VIC 3004,Techniques for Lung Procurement for Transplantation
Following Donation After Circulatory Death
Pankaj Saxena, FRACS, PhD, Adam D. Zimmet, FRACS, Greg Snell, FRACP, MD,
Bronwyn Levvey, RN, BEd, Silvana F. Marasco, FRACS, and David C. McGifﬁn, FRACSDonation after circulatory death (DCD) is an evolving method for lung transplantation with
potential for increasing the limited donor pool. Satisfactory outcomes have been reported
from early experience with this technique. DCD lung procurement requires a systematic
approach for efﬁcient utilization of resources. It is important to minimize the ischemic time
during lung procurement. We have presented our management protocol, surgical
techniques used and results from the Alfred Hospital in Melbourne, Australia.
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rently, suitable DCD donors used by our institution include
patients who are having withdrawal of life-sustaining
treatment (WLST) based on futility, with death expected
within 90 minutes of withdrawal of active treatment, and
donation after brain death (DBD) patients who go into
cardiac arrest before planned donation (Maastricht category
III and IV patients). Standard contraindications to lung
donation apply. Prior cardiac surgery is not an absolute
contraindication in our experience. Speciﬁcally, patients
who are not in an intensive care unit (ICU) or those in
whom death is highly likely to occur more than 90 minutes
after WLST are not considered suitable for DCD donation.
Consent for donation is sought from next of kin by a ICU
medical specialist. Following consent, speciﬁc tests such as
blood for serology, cross matching, and arterial gases are
obtained to assess the suitability of the donor lungs and
allow matching with potential recipients. Invasive tests such
as heparin administration and bronchoscopy may or mayee front matter r 2014 Elsevier Inc. All rights reserved.
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institutional guidelines.
The operating room (OR) staff, along with the thoracic
and abdominal organ retrieval teams, are notiﬁed 4 hours
before the withdrawal of active treatment in a potential
donor. Approximately 30 minutes before WLST, a meeting
of the organ retrieval teams is held in the OR complex to
discuss the clinical details of the potential donor and the
logistics involved in organ procurement. ICU staff manage
the patient and WLST (typically by removal of the
endotracheal tube) as per local standards of practice. Death
is declared by an ICU specialist on cessation of circulation
for 5 minutes, as evidenced by the absence of pulse on
arterial trace for 5 minutes with or without the absence of
electrical activity on electrocardiogram monitoring. The
donor is transported expeditiously to the OR, ideally within
10 minutes of the declaration of death.
All steps from the transport of the patient from the ICU to
cannulation of the pulmonary artery are standardized, as
shown in the section Technique, to institute pulmonary ﬂush
solution as soon as practical. However, there is evidence that
there is a safe margin of at least 60 minutes following a donor
systolic blood pressure being less than 50 mm Hg for
administration of pulmonary ﬂush. The surgical technique is
similar in principle to that of the well-established lung
donation technique from brain-dead donors (Figs. 1-12).
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Figure 1 The thoracic surgical team sets up a separate trolley for the instruments that would be needed for a median sternotomy and the
administration of pulmonary ﬂush solution. These instruments include scalpel, sternal saw, Finochietto retractor, Metzenbaum scissors,
2 DeBakey forceps, a 4-0 prolene on a RB-1 needle (Ethicon Inc, Somerville, NJ) loaded on a needle holder, a snugger for securing the
cannula, number 11 knife, 2 ﬁne hemostats, a right-angled cannula, and tubing for the administration of Perfadex solution (Vitrolife,
Gothenburg, Sweden) into the PA. This trolley is placed on the right-hand side of the ﬁrst assistant who passes the instruments directly to the
operating cardiothoracic surgeon. This avoids any delay in passing on the instruments in a busy operative ﬁeld where both the thoracic and
the abdominal teams are in a hurry to avoid any prolongation of the warm ischemic time. Withdrawal of treatment is only done when both
the thoracic and abdominal teams have scrubbed and have set up their instrument trolleys with the scrub nurse. PA ¼ pulmonary artery.
Technique
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Figure 2 The patient is brought to the OR in a propped up position on the ICU bed. Patient identiﬁcation is then performed. The patient is
rapidly intubated by the anesthesiologist in this position (to avoid any aspiration of gastric contents) and only then is the donor transferred to
the operating table.
Low tidal volume ventilation is commenced at 15 minutes following cardiac arrest, and within this timeframe, there have been no reports of
reanimation of the heart.
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Perfadex solution
Figure 3 A quick preparing and draping is done to include the operative ﬁelds for thoracic and abdominal organ retrieval. A scalpel is passed
by the ﬁrst assistant to the operating cardiothoracic surgeon who performs an expeditious median sternotomy. The assistant in the mean time
passes the sterile tubing to the anesthesiologist and deairs the line for the delivery of Perfadex solution. The sternal retractor is placed, and the
pericardium is opened in the midline. No pericardial retraction sutures are placed.
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Figure 4 A ﬁne hemostat is used to grasp the adventitia of the PA, and the ﬁrst assistant pulls the PA toward the midline so that it becomes
easier for the surgeon to cannulate. A 4-0 prolene suture is used for placing a purse string suture on the main PA just above the pulmonary
valve. A number 11 blade is used to perform an arteriotomy inside the purse string and is dilated with another ﬁne hemostat. A right-angled
cannula is inserted in the PA, purse string is tightened, and the cannula is tied with a heavy silk to the snugger. The pulmonary ﬂush solution
line is connected to the cannula. The tip of the left atrial appendage is amputated immediately after the start of pulmonary ﬂush solution
administration to allow free drainage. Perfadex is infused as a volume of 50-70 mL/kg. Heparin (50,000 U) has already been added to the
Perfadex solution. The inferior vena cava (IVC) is partially divided to allow the liver preservation solution to drain into the pericardial cavity.
Critically, both lungs must be ventilated during this time to allow the proper distribution of pulmonary ﬂush solution bilaterally. Care is taken
to ensure that the cannula does not selectively deliver pulmonary ﬂush solution to one of the pulmonary arteries.
The anesthesiologist or the pulmonologist performs a ﬁber-optic bronchoscopy to clear the airways and exclude any late aspiration or
endobronchial abnormality. Bronchoscopy is performed during the administration of pulmonary ﬂush solution or soon thereafter depending
on the logistics. Ao ¼ aorta; PA ¼ pulmonary artery; LAA ¼ left atrial appendage; IVC ¼ inferior vena cava.
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Figure 5 The left pleura is opened, and descending thoracic aorta is exposed by dividing the inferior pulmonary ligament. Blunt and sharp
dissection is used to circumferentially dissect the aorta above the level of diaphragm. The aorta is clamped at this level to prevent ﬂushing of
the bronchial arteries with renal preservation solution during abdominal organ retrieval. Alternatively, the abdominal team can apply a cross
clamp to the abdominal aorta at this stage. LMSB ¼ left main stem bronchus; Ao ¼ aorta.
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Figure 6 The right pleura is widely opened. Cold saline is used for topical
with equal distribution of pulmonary ﬂush solution. The pericardial op
diaphragm as far as possible. The lungs are then inspected and palpated
out any anatomical or pathologic abnormality. The assessment may also
check the lung compliance.
Areas of atelectatic lung can be reinﬂated using recruitment maneuvers.
solution. Pericardial stays are not necessary but can be used. The superior
dissected from the right PA. This avoids any injury to the right PA durin
bloc. The azygos vein is divided. The right PA is then separated from the
Sondergaard’s groove may be developed if necessary to provide a generou
important on the right side where donor cuff may be left small otherwise
hila. Once the pulmonary ﬂush solution has been administered, the cancooling of both the lungs. Blanching of both the lung surfaces is seen
ening is extended in a horizontal fashion bilaterally at the level of
to assess the suitability of the organs for transplantation and to rule
include disconnection of the lungs from the ventilatory circuit to
Dissection is initiated during the administration of pulmonary ﬂush
vena cava (SVC) is mobilized from its pericardial reﬂection and also
g the separation of heart from lungs while dissecting the heart-lung
ascending aorta. The ascending aorta is dissected from the main PA.
s cuff of left atrial wall for the recipient procedure. This is especially
. The anterior pericardium is excised to the level of the pulmonary
nula is removed. PA ¼ pulmonary artery.
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Figure 7 The SVC is divided, and the IVC is transected at the level of the right atrium to give the maximal length of IVC to the liver team. The
left lung is retracted anteriorly and superiorly. The posterior pericardium is divided horizontally below the level of inferior pulmonary veins.
The posterior plane which separates the lungs from the esophagus and descending thoracic aorta is dissected with scissors. Attention then
turns to the right lung. The dissection is similar on the right side. It is important to avoid any injury to the posterior wall of the main stem
bronchi during this part of the dissection.
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Figure 8 The superior aspect of the aortic arch is exposed and is divided as distal as possible along with the proximal arch vessels. A portion of
the wall of aortic arch and proximal descending thoracic aorta in relation to the ligamentum arteriosum is left as a cuff on the left PA to avoid
any injury to the PA. PA ¼ pulmonary artery.
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Figure 9 The trachea is bluntly dissected between the index ﬁnger and thumb. Minimal dissection of soft tissues around the trachea is
performed to avoid any devascularization of the tracheo-bronchial tree. A TA-30 stapler (Covidien, Dublin, Ireland) is passed around the
trachea. The lungs are inﬂated with 50% oxygen to approximately 80% of tidal volume. The anesthesiologist withdraws the endotracheal
tube. The stapler is used to divide the trachea. Any remaining posterior mediastinal attachments are divided with scissors. The heart-lung bloc
is then moved to the back table. ETT ¼ endotracheal tube.
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Figure 10 The separation of the heart from the lungs involves dividing the main PA proximal to its bifurcation. The conﬂuence of the
pulmonary arteries is divided. The separation of atrial cuff requires dividing the left atrium posteriorly in the midline using scissors while
checking the position of the openings of the pulmonary veins. The left main stem bronchus is divided with a TA-30 stapler leaving the
tracheal cuff attached to the right main stem bronchus. RL ¼ right lung; RIPV ¼ right inferior pulmonary vein; LA ¼ left atrium; LIPV ¼ left
inferior pulmonary vein; LL ¼ left lung; PA ¼ pulmonary artery.
P. Saxena et al.390
Figure 11 Cold Perfadex solution is used to retrogradely ﬂush the pulmonary veins on the back table. The ostium of each pulmonary vein is
individually ﬂushed with Perfadex solution using a bulb syringe. Flushing is continued until clear efﬂuent appears from each PA. Pulmonary
emboli of various sizes are ﬂushed on occasions using this method. Recently we have started using the tubing used for the delivery of
pulmonary ﬂush solution to perform retrograde ﬂushing of the pulmonary veins. The lungs are packed individually. Three bags are used, the
inner one contains Perfadex solution, the second one has cold saline or Hartmann solution, and outer one is empty. The organs are labeled
and are transported in a cooler to the transplant center.
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Figure 12 We have recently modiﬁed our protocol to prolong organ preservation in situations where there will be a predictable delay of more
than 45 minutes until commencement of retrieval. Topical cooling of pleural cavities may be done to minimize lung ischemia in this situation.
It may occur with the unexpected temporary absence of a surgical team member or nonavailability of OR. Apical and basal pleural drains are
placed, and cold Perfadex (2.8 L) bags are connected bilaterally via tubing to the basal chest drains. Following gravity-fed infusion, the pleural
spaces are ﬁlled and the efﬂuent starts to reﬂux up the apical drains bilaterally. The infusion is stopped at this stage, and the basal drains are
clamped with the ﬂuid in situ for 30 minutes. Additional bags of Perfadex are connected to each apical chest drain and then placed in
containers full of ice to keep them cold. At 30 minutes, the basal clamps are removed, these bags are placed below the table (into ice
containers) and the pleural cavity drained out. Subsequently, the apical bags previously in ice are removed, hung up, and then infused into
the pleural cavity. This infusion-drainage procedure is repeated as often as required to facilitate procurement. The lungs are not ventilated
during topical cooling. This technique provides protection for up to 6 hours.
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Between May 2006 and July 2014, there have been 240 DCD
donor referrals to our institution, resulting in 124 surgical
team attendances attempting to retrieve donor organs.
Overall, 91 donors proceeded on to cardiac arrest and
provided suitable lungs for 92 DCD LTx. These DCD
numbers represent 19% of 487 LTx procedure performed at
the Alfred hospital over this time. DCD LTx had added 23%
more transplants and contributed signiﬁcantly to decreasing
the waiting list mortality from 29% to 5% over this period (P
o 0.05).
Early outcomes following DCD LTx were similar to the
contemporaneous DBD donors. There was 1 death from
sepsis day 16 (99% survival at 30 days) and a further
3 deaths in the ﬁrst year from ﬁbrinoid organizing
pneumonia day 56, renal failure day 124, and poor
compliance day 351 (94% survival at 1 year). Primary graft
dysfunction, airway ischemia, and acute rejection were the
same in both DCD and DBD LTx. Long-term outcomes were
excellent with 5- and 8-year survival rates of 71% in the
DCD group compared with 58% and 46%, respectively, in
the DBD group (P ¼ 0.08). Our protocol and techniques oflung procurement have helped develop a national DCD LTx
program in Australia.1Conclusion
The use of DCD category III and IV donor lungs for LTx
makes signiﬁcant inroads into the worldwide shortage of
donor lungs and waiting list mortality. A detailed protocol-
based approach to the recognition, assessment, and techniques
of retrieval of DCD lungs is critical. In turn, this contributes to
minimizing wasted retrieval attempts where the donor does
not undergo arrest and maximizes clinical outcomes. The
short- and long-term outcomes are excellent (notably without
ex vivo lung perfusion) and justify a recommendation that all
LTx centers should, at least, explore their DCD donor pool
using the techniques we have described.Reference
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